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APPARATUS, METHOD, SYSTEM,
PROGRAM AND RECORDING MEDIUM

RELATED TO BEAMFORMING

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International

Application No. PCT/JP2017/024584 filed Jul. 5, 2017,
claiming priority based on Japanese Patent Application No.
2016-152618 filed Aug. 3, 2016, the disclosure of which 1s

incorporated herein 1n its entirety by reference.

BACKGROUND

Technical Field

The present invention relates to an apparatus, a method, a
system, a program, and a recording medium related to
beamiorming.

Background Art

In order to achieve a drastic increase in the capacity of
mobile networks, not only currently used frequency bands
such as a several hundred megahertz band and a several
gigahertz band but also a higher frequency band such as a
several ten gigahertz band may be used. In particular, 1n the
Fifth Generation (5G), 1n order to make the most use of such
a band, studies are made on transferring signals to users by
forming narrow directional beams using a large number of
antennas.

In a higher frequency band, 1n order to compensate a large
propagation loss, 1t 1s conceivable to use beamforming for
the transmission of not only system information and paging
information but also all of downlink signals/downlink chan-
nels including common pilot signals, reference signals or the
like. Similarly, as for uplink, in order to compensate a
propagation loss, 1t 1s also conceivable to use beamiorming,
for the reception of all uplink signals/uplink channels.

For example, PTL 1 discloses an art in which a downlink
beam ID and an uplink beam ID are included 1n a HAN-
DOVER REQUEST message transmitted to a target base
station from a source base station of a handover of a terminal
apparatus. Further, according to PTL 1, the downlink beam
ID 1s used for designating a downlink beam for transmitting
data to the terminal apparatus after the handover, and the
uplink beam ID 1s used for designating an uplink beam for
receiving data from the terminal apparatus after the han-
dover. This makes it possible to omit an operation for
selecting beams at the time of the handover, leading to a
reduction 1n delay of the handover.

CITATION LIST
Patent Literature

|[PTL 1] JP2014-531835271T

SUMMARY

Technical Problem

According to the art disclosed in PTL 1, however, a
propagation loss 1s compensated in the transmission/recep-
tion of data after the handover, but a propagation loss 1s not
compensated 1n the transmission/reception of control signals
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2

between the terminal apparatus and the target base station in
the handover. In particular, 1t may not be possible for the

target base station to receive an access signal (for example,
an uplink signal 1n random access) of the terminal apparatus
due to a large propagation loss. This, as a result, leads to a
possibility of an increased failure rate of the handover.

It 1s an example object of the present invention to make
it possible to increase a possibility of a success of a
handover.

Solution to Problem

A first apparatus according to an example aspect of the
present invention icludes: a first communication processing
umt configured to transmit reference signals using beam-
forming; and a second communication processing unit con-
figured to receive a handover message from a source base
station of a handover of a terminal apparatus. The handover
message includes beam related information related to a
beam. The first communication processing unit 1s configured
to receive an access signal of the terminal apparatus based
on the beam related information.

A second apparatus according to an example aspect of the
present invention includes: a first communication processing
unmit configured to receive, from a terminal apparatus, first
beam related information related to a beam, the first beam
related information being information for a base station
which transmits reference signals using beamiforming; and a
second communication processing unit configured to trans-
mit, to the base station, a handover message including
second beam related information corresponding to the first
beam related information. The second beam related infor-
mation 1s information to be used by the base station to
receive an access signal of the terminal apparatus.

A third apparatus according to an example aspect of the
present invention includes: a reception processing unit con-
figured to receive reference signals transmitted by a first
base station using beamforming; and a transmission pro-
cessing unit configured to transmit, to a second base station,
first beam related information related to a beam, the first
beam related information being information for the first base
station. The first beam related information corresponds to
second beam related information to be used by the first base
station to receive an access signal.

A first method according to an example aspect of the
present mvention includes: transmitting reference signals
using beamiorming; receiving a handover message from a
source base station of a handover of a terminal apparatus, the
handover message including beam related information
related to a beam; and receiving an access signal of the
terminal apparatus based on the beam related information.

A second method according to an example aspect of the
present invention includes: receiving, from a terminal appa-
ratus, first beam related information related to a beam, the
first beam related 1information being information for a base
station which transmits reference signals using beamiorm-
ing; and transmitting, to the base station, a handover mes-
sage 1including second beam related information correspond-
ing to the first beam related information. The second beam
related information 1s mmformation to be used by the base
station to receive an access signal of the terminal apparatus.

A third method according to an example aspect of the
present invention includes: receiving reference signals trans-
mitted by a first base station using beamiorming; and
transmitting, to a second base station, first beam related
information related to a beam, the first beam related infor-
mation being information for the first base station. The first
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beam related information corresponds to second beam
related mnformation to be used by the first base station to
receive an access signal.

A system according to an example aspect of the present
invention includes: a first base station, a second base station,
and a terminal apparatus. The first base station 1s configured
to transmit reference signals using beamforming. The ter-
minal apparatus 1s configured to receive the reference sig-
nals, and transmit, to the second base station, first beam
related information related to a beam, the first beam related
information being information for the first base station. The
second base station 1s configured to transmit, to the first base
station, a handover message including second beam related
information corresponding to the first beam related infor-
mation. The first base station 1s configured to receive an
access signal of the terminal apparatus based on the second
beam related information.

A first program according to an example aspect of the
present invention 1s a program for causing a processor to
execute: transmitting reference signals using beamforming;
receiving a handover message from a source base station of
a handover of a terminal apparatus, the handover message
including beam related information related to a beam; and
receiving an access signal of the terminal apparatus based on
the beam related information.

A second program according to an example aspect of the
present invention 1s a program for causing a processor to
execute: receiving, from a terminal apparatus, first beam
related information related to a beam, the first beam related
information being information for a base station which
transmits reference signals using beamiforming; and trans-
mitting, to the base station, a handover message including,
second beam related information corresponding to the first
beam related information. The second beam related infor-
mation 1s information to be used by the base station to
receive an access signal of the terminal apparatus.

A third program according to an example aspect of the
present invention 1s a program for causing a processor to
execute: receiving reference signals transmitted by a {first
base station using beamforming; and transmitting, to a
second base station, first beam related information related to
a beam, the first beam related information being information
for the first base station. The first beam related imnformation
corresponds to second beam related information to be used
by the first base station to receirve an access signal.

A first recording medium according to an example aspect
of the present invention 1s a computer-readable non-transi-
tory recording medium having recorded thereon a program
for causing a processor to execute: transmitting reference
signals using beamiorming; receiving a handover message
from a source base station of a handover of a terminal
apparatus, the handover message including beam related
information related to a beam; and receiving an access signal
of the terminal apparatus based on the beam related infor-
mation.

A second recording medium according to an example
aspect of the present invention 1s a computer-readable non-
transitory recording medium having recorded thereon a
program for causing a processor to execute: receiving, from
a terminal apparatus, first beam related information related
to a beam, the first beam related information being infor-
mation for a base station which transmits reference signals
using beamiorming; and transmitting, to the base station, a
handover message including second beam related informa-
tion corresponding to the first beam related information. The

10

15

20

25

30

35

40

45

50

55

60

65

4

second beam related information 1s mformation to be used
by the base station to receive an access signal of the terminal
apparatus.

A third recording medium according to an example aspect
of the present invention 1s a computer-readable non-transi-
tory recording medium having recorded thereon a program
for causing a processor to execute: receiving relerence
signals transmitted by a first base station using beamiorm-
ing; and transmitting, to a second base station, first beam
related information related to a beam, the first beam related
information being information for the first base station. The
first beam related imnformation corresponds to second beam
related information to be used by the first base station to
receive an access signal.

ftects of Invention

L1

Advantageous

According to an example aspect the present invention, 1t
1s possible to increase a possibility of a success of a
handover. Note that the present invention may provide other
ellects 1n place of or together with the above eflect.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an explanatory diagram 1llustrating an example
of the schematic configuration of a system according to a
first example embodiment of the present invention.

FIG. 2 1s a block diagram 1llustrating an example of the
schematic configuration of a first base station according to
the first example embodiment.

FIG. 3 1s a block diagram 1llustrating an example of the
schematic configuration of a second base station of the first
example embodiment.

FIG. 4 1s a block diagram 1llustrating an example of the
schematic configuration of a terminal apparatus of the first
example embodiment.

FIG. 5 1s an explanatory diagram for explaining an
example of a plurality of beams by which reference signals
are transmitted.

FIG. 6 1s an explanatory diagram for explaining an
example of radio resources (time resources) to be used for
transmitting the reference signals.

FIG. 7 1s an explanatory diagram for explaining an
example ol a measurement report of the terminal apparatus.

FIG. 8 1s a sequence diagram for explaining an example
of a schematic flow of processing according to the first
example embodiment.

FIG. 9 1s an explanatory diagram for explaining an

example of radio resources indicated by resource informa-
tion.

FIG. 10 1s a sequence diagram for explaining an example
of a schematic flow of processing of a first example altera-
tion of the first example embodiment.

FIG. 11 1s a sequence diagram for explaining a schematic
flow of processing of a second example alteration of the first
example embodiment.

FIG. 12 1s an explanatory diagram illustrating an example
of the schematic configuration of a system according to a
second example embodiment.

FIG. 13 1s a block diagram illustrating an example of the
schematic configuration of a first base station of the second
example embodiment.

FIG. 14 1s a block diagram illustrating an example of the
schematic configuration of a second base station of the
second example embodiment.
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FIG. 15 1s a block diagram illustrating an example of the
schematic configuration of a terminal apparatus of the
second example embodiment.

FIG. 16 1s a sequence diagram for explaining an example
of a schematic flow of processing of the second example
embodiment.

1]

DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

Hereinafter, example embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings. Note that, in the specification and the
drawings, elements whose descriptions can be the same may
be denoted by the same reference signs, thereby omitting
overlapping descriptions.

The description will be given 1n the following order.

1. Outline of Example Embodiments of Present Invention

2. First Example Embodiment

2.1. Configuration of System

2.2. Configuration of Base Station 100

2.3. Configuration of Base Station 200

2.4. Configuration of Terminal Apparatus 300

2.5. Techmical Features

2.6. Example alterations

3. Second Example Embodiment

3.1. Configuration of System

3.2. Configuration of Base Station 500

3.3. Configuration of Base Station 600

3.4. Configuration of Terminal Apparatus 700
3.5. Techmical Features

1. Outline of Example Embodiments of Present
Invention

The outline of the example embodiments of the present

invention will be described first.

(1) Technical Problem

In order to achieve a drastic increase in the capacity of
mobile networks, not only currently used frequency bands
such as a several hundred megahertz band and a several
gigahertz band but also a higher frequency band such as a
several ten gigahertz band may be used. In particular, 1n the
Fifth Generation (5G), 1n order to make the most use of such
a band, studies are made on transferring signals to users by
forming narrow directional beams using a large number of
antennas.

In a higher frequency band, 1n order to compensate a large
propagation loss, it 15 conceivable to use beamiorming for
the transmission of not only system information and paging,
information but also all of downlink signals/downlink chan-
nels including common pilot signals, reference signals or the
like. Similarly, as for uplink, in order to compensate a
propagation loss, it 1s also conceivable to use beamiorming

for the reception of all uplink signals/uplink channels.

For example, patent literature (JP2014-531852T) dis-
closes an art in which a downlink beam ID and an uplink
beam ID are included in a HANDOVER REQUEST mes-
sage transmitted to a target base station from a source base
station of a handover of a terminal apparatus. Further,
according to the patent literature, the downlink beam ID 1s
used for designating a downlink beam for transmitting data
to the terminal apparatus after the handover, and the uplink
beam ID 1s used for designating an uplink beam for receiv-
ing data from the terminal apparatus after the handover. This
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6

makes 1t possible to omit an operation for selecting beams at
the time of the handover, leading to a reduction in delay of
the handover.

According to the art disclosed in the patent literature,
however, a propagation loss 1s compensated 1n the transmis-
sion/reception of data after the handover, but a propagation
loss 1s not compensated in the transmission/reception of
control signals between the terminal apparatus and the target
base station in the handover. In particular, 1t may not be
possible for the target base station to recerve an access signal
(for example, an uplink signal 1n random access) of the
terminal apparatus due to a large propagation loss. This, as
a result, leads to a possibility of an increased failure rate of
the handover.

Therefore, 1t 1s desirable to make 1t possible to increase a

possibility of a success of the handover.
(2) Technical Features

In the example embodiments of the present invention, for
example, a first base station (base station located around a
terminal apparatus) transmits reference signals using beam-
forming, and the terminal apparatus performs the measure-
ments of the reference signals. Further, the terminal appa-
ratus transmits first beam related information for the first
base station (and measurement results) to a second base
station (serving base station of the terminal apparatus). For
example, the first beam related information indicates one of
a plurality of sets of beamiorming weights (for example, a
preferred beamiorming weight).

Thereatter, a handover of the terminal apparatus from the
second base station (source base station) to the first base
station (target base station) 1s performed. In this case, the
second base station (source base station) transmits, to the
first base station (target base station), a handover message
(for example, a HANDOVER REQUEST message) includ-
ing second beam related information (for example, the same
information as the first beam related information) corre-
sponding to the first beam related iformation.

In particular, in the example embodiments of the present
invention, the first base station receives an access signal of
the terminal apparatus based on the second beam related
information. For example, the first base station receives the
access signal using the preferred beamforming weight.

This makes it possible to, for example, compensate a
propagation loss of the access signal. Accordingly, it 1s
possible to 1ncrease a possibility of a success of the han-
dover.

Note that the above technical features are specific
examples of the example embodiments of the present inven-
tion, and as a matter of course, the example embodiments of
the present invention are not limited to the above technical
features.

2. First Example Embodiment

Next, a first example embodiment of the present invention
will be described with reference to FIG. 1 to FIG. 11.

<2.1. Configuration of System>

An example of the configuration of a system 1 according
to the first example embodiment will be described with
reference to FIG. 1. FIG. 1 1s an explanatory diagram
illustrating an example of the schematic configuration of the
system 1 according to the first example embodiment. Refer-
ring to FIG. 1, the system 1 includes a base station 100, a
base station 200, and a terminal apparatus 300.

For example, the system 1 may be a system conforming
to the standard of 3GPP (Third Generation Partnership
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Project). More specifically, the system 1 may be a system
conforming to the standard of the Fifth Generation (5G), for
instance.

(1) Base Station 100

The base station 100 performs radio communication with
terminal apparatuses located 1n a cell 10 (or a coverage area
10). In the first example embodiment, the base station 100
uses beamforming for the radio communication.

In particular, 1n the first example embodiment, the base
station 100 transmits reference signals (RS) using the beam-
forming. The reference signal 1s a signal for the measure-
ments of recetved signal strength and/or received quality and
corresponds to, for example, CRS (Cell-specific Reference
Signal) or CSI-RS (Channel State Information Reference
Signal) in LTE (Long Term Evolution). The reference signal
may be called CRS or CSI-RS as in LTE, or may be called
differently (for example, “an XXX reference signal” (XXX
1s an arbitrary term), “a pilot signal”, or a completely
different another signal name). The base station 100 may
transmit all kinds of reference signals (for example, CRS,
CSI-RS, a UE-specific RS, and/or MBSFN (Multicast/
Broadcast over a Signal Frequency Network) RS) using the
beamforming. Alternatively, the base station 100 may trans-
mit partial kinds of the reference signals using the beam-
forming without transmitting the other kinds of reference
signals using the beamforming.

The base station 100 may transmit not only data and the
reference signals but also other downlink signals/downlink
channels (for example, all signals/channels) using the beam-
forming.

Note that the base station 100 1s a node that performs
radio communication with the terminal apparatuses, 1n other
words, 1s a node of RAN (Radio Access Network). For
example, the base station 100 may be NodeB, H-NodeB
(Home Node B), eNodeB (evolved Node B), or H-eNodeB
(Home evolved Node B), or may be gNodeB (generation
Node B) 1n 5G The base station 100 may include a plurality
of units (or a plurality of nodes). The plurality of units (or
the plurality of nodes) may include a first unit (or a first
node) which processes lower protocol layers and a second
unit (or a second node) which processes higher protocol
layers. As one example, the first unit may be called DU
(Distributed Unit) or AU (Access Unit), and the second unit
may be called CU (Center/Central Unit). As another
example, the first unit may be called RU (Radio Unit) or RU
(Remote Unit), and the second unit may be called DU
(Digital Unit). The RU may be RRH (Remote Radio Head)
or RRU (Remote Radio Unit), and the DU may be BBU
(Base Band Unit). As a matter of course, the names of the
first unit (or the first node) and the second unit (or the second
name) are not limited to these examples. Alternatively, the
base station 100 may be a single unit (or a single node). In
this case, the base station 100 may be one of the aforesaid
plurality of units (for example, one of the first unit and the
second unit), or may be connected to another unit out of the
plurality of units (for example, the other of the first unit and
the second unait).

(2) Base Station 200

The base station 200 performs radio communication with
terminal apparatuses located 1n a cell 20 (or a coverage area
20).

In the first example embodiment, for example, the base
station 200 performs radio communication with the terminal
apparatuses using beamiorming similarly to the base station
100. Alternatively, the base station 200 may perform radio
communication with the terminal apparatuses using the
beamforming 1 a manner different from that of the base
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station 100, or may perform radio communication with the
terminal apparatuses not using the beamforming.

Note that the base station 200 1s also a node that performs
radio communication with the terminal apparatuses, 1n other
words, 1t 1s a node of RAN, similarly to the base station 100.

(3) Terminal Apparatus 300

The terminal apparatus 300 performs radio communica-
tion with base stations. For example, the terminal apparatus
300 performs radio communication with the base station 100
when located 1n the cell 10, and performs radio communi-
cation with the base station 200 when located in the cell 20.

In particular, 1n the first example embodiment, a handover
of the terminal apparatus 300 from the base station 200 to
the base station 100 1s performed (due to, for example, the
movement of the terminal apparatus 300). In this case, the
base station 200 1s a source base station of the handover, and
the base station 100 1s a target base station of the handover.

<2.2. Configuration of Base Station 100>

Next, an example of the configuration of the base station
100 of the first example embodiment will be described with
reference to FIG. 2. FIG. 2 1s a block diagram illustrating an
example of the schematic configuration of the base station
100 of the first example embodiment. Referring to FIG. 2,
the base station 100 includes a radio communication unit
110, a network communication unit 120, a storage unit 130,
and a processing unit 140.

(1) Radio Communication Unit 110

The radio communication umt 110 wirelessly transmits/
receives signals. For example, the radio communication unit
110 receives signals from terminal apparatuses and transmuits
signals to terminal apparatuses.

(2) Network Communication Unit 120

The network communication unit 120 receives signals
from a backhaul and transmits signals to the backhaul.

(3) Storage Unit 130

The storage unit 130 temporarly or permanently stores
programs and parameters for the operation of the base
station 100 and various data.

(4) Processing Unit 140

The processing unit 140 provides various functions of the
base station 100. The processing unit 140 includes a first
communication processing unit 141 and a second commu-
nication processing unit 143. Note that the processing unit
140 can further include other constituent elements besides
these constituent elements. That 1s, the processing unit 140
can perform operations other than the operations of these
constituent elements. Specific operations of the first com-
munication processing unit 141 and the second communi-
cation processing unit 143 will be described 1n detail later.

For example, the processing unit 140 (first communica-
tion processing unit 141) communicates with terminal appa-
ratuses (for example, the terminal apparatus 300) via the
radio communication unit 110. For example, the processing
unmt 140 (second communication processing unit 143) com-
municates with other network nodes (for example, the base
station 200) via the network communication unit 120.

(5) Implementation Example

The radio communication unit 110 may be implemented
by an antenna, a RF (Radio Frequency) circuit, or the like,
and the antenna may be a directional antenna. The network
communication processing unit 120 may be implemented by
a network adapter, a network interface card, or the like. The
storage unit 130 may be implemented by a memory (for
example, a nonvolatile memory and/or a volatile memory)
and/or a hard disk or the like. The processing unit 140 may
be implemented by a BB (Baseband) processor and/or
another processor. The first communication processing unit
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141 and the second communication processing unit 143 may
be implemented by the same processor, or may be 1mple-
mented separately by different processors. The aforesaid
memory (storage umt 130) may be included in such a
processor (chip).

The base station 100 may include a memory which stores
a program and one or more processors capable of executing
the program. The one or more processors may perform the
operation of the processing unit 140 (the first communica-
tion processing unit 141 and the second communication
processing unit 143). The program may be a program for
causing the one or more processors to execute the operation
of the processing unit 140 (the first communication process-
ing unit 141 and the second communication processing unit
143).

<2.3. Configuration of Base Station 200>

Next, an example of the configuration of the base station
200 of the first example embodiment will be described with
reference to FI1G. 3. FIG. 3 1s a block diagram illustrating an
example of the schematic configuration of the base station
200 of the first example embodiment. Referring to FIG. 3,
the base station 200 includes a radio communication unit
210, a network commumnication unit 220, a storage unit 230,
and a processing unit 240.

(1) Radio Communication Unit 210

The radio communication unit 210 wirelessly transmits/
receives signals. For example, the radio communication unit
210 recerves signals from terminal apparatuses and transmuits
signals to terminal apparatuses.

(2) Network Communication Unit 220

The network communication unit 220 receives signals
from a backhaul and transmits signals to the backhaul.

(3) Storage Unit 230

The storage unit 230 temporarily or permanently stores
programs and parameters for the operation of the base
station 200 and various data.

(4) Processing Unit 240

The processing unit 240 provides various functions of the
base station 200. The processing unit 240 includes a first
communication processing unit 241 and a second commu-
nication processing unit 243. Note that the processing unit
240 can further include other constituent elements besides
these constituent elements. That 1s, the processing unit 240
can perform operations other than the operations of these
constituent elements. Specific operations of the first com-
munication processing unit 241 and the second communi-
cation processing unit 243 will be described 1n detail later.

For example, the processing unit 240 (first communica-
tion processing unit 241) communicates with terminal appa-
ratuses (for example, the terminal apparatus 300) via the
radio communication unmt 210. For example, the processing,
unit 240 (second communication processing unit 243) com-
municates with other network nodes (for example, the base
station 100) via the network communication unit 220.

(5) Implementation Example

The radio communication unit 210 may be implemented
by an antenna, a radio frequency (RF) circuit, or the like, and
the antenna may be a directional antenna. The network
communication unit 220 may be implemented by a network
adapter, a network interface card, or the like. The storage
unit 230 may be implemented by a memory (for example, a
nonvolatile memory and/or a volatile memory) and/or a hard
disk or the like. The processing unit 240 may be imple-
mented by a baseband (BB) processor and/or another pro-
cessor. The first communication processing unit 241 and the
second communication processing unit 243 may be imple-
mented by the same processor, or may be implemented
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separately by different processors. The aforesaid memory
(storage unit 230) may be included in such a processor
(chip).

The base station 200 may include a memory which stores
a program and one or more processors capable of executing
the program. The one or more processors may perform the
operation of the processing unit 240 (the first communica-
tion processing unit 241 and the second communication
processing unit 243). The program may be a program for
causing the one or more processors to execute the operation
of the processing unit 240 (the first communication process-
ing unit 241 and the second communication processing unit
243).

<2.4. Configuration of Terminal Apparatus 300>

Next, an example of the configuration of the terminal
apparatus 300 of the first example embodiment will be
described with reference to FIG. 4. FIG. 4 1s a block diagram
illustrating an example of the schematic configuration of the
terminal apparatus 300 of the first example embodiment.
Referring to FIG. 4, the terminal apparatus 300 includes a
radio communication umt 310, a storage unit 320, and a
processing unit 330.

(1) Radio Communication Unit 310

The radio communication unit 310 wirelessly transmaits/
receives signals. For example, the radio communication unit
310 recerves signals from base stations and transmits signals
to base stations.

(2) Storage Unit 320

The storage unit 320 temporarily or permanently stores
programs and parameters for the operation of the terminal
apparatus 300 and various data.

(3) Processing Unit 330

The processing unit 330 provides various functions of the
terminal apparatus 300. The processing unit 330 1ncludes a
reception processing unit 331 and a transmaission processing
unit 333. Note that the processing unit 330 can further
include other constituent elements besides these constituent
clements. That 1s, the processing unit 330 can perform
operations other than the operations of these constituent
clements. Specific operations of the reception processing
umt 331 and the transmission processing unit 333 will be
described 1n detail later.

For example, the processing unit 330 communicates with
base stations (for example, the base station 100 and/or the
base station 200) via the radio communication unit 310.

(4) Implementation Example

The radio commumnication unit 310 may be implemented
by an antenna, a radio frequency (RF) circuit, or the like.
The storage unit 320 may be implemented by a memory (for
example, a nonvolatile memory and/or a volatile memory)
and/or a hard disk or the like. The processing unit 330 may
be implemented by a baseband (BB) processor and/or
another processor. The reception processing unit 331 and the
transmission processing unit 333 may be implemented by
the same processor, or may be implemented separately by
different processors. The aforesaid memory (storage unit
320) may be included 1n such a processor (chip).

The terminal apparatus 300 may include a memory which
stores a program and one or more processors capable of
executing the program. The one or more processors may
perform the operation of the processing unit 330 (reception
processing unit 331 and transmission processing umt 333).
The program may be a program for causing the one or more
processors to execute the operation of the processing unit
330 (reception processing unit 331 and transmission pro-
cessing unit 333).
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<2.5. Technical Features>

Next, technical features of the first example embodiment
will be described with reference to FIG. 5 to FIG. 8.

In the first example embodiment, the base station 100
(first commumnication processing unit 141) transmits refer-
ence signals using beamiforming. The terminal apparatus
300 (reception processing unit 331) receives the reference
signals. For example, the base station 100 1s a base station
located around the terminal apparatus 300, and a serving
base station for the terminal apparatus 300 1s the base station
200.

Further, the terminal apparatus 300 (transmission process-
ing unit 333) transmits, to the base station 200, first beam
related information related to a beam, the first beam related
information being information for the base station 100, and
the base station 200 (first communication processing unit
241) receives the first beam related information from the
terminal apparatus 300.

Further, a handover of the terminal apparatus 300 from the
base station 200 (source base station) to the base station 100
(target) 1s performed. The base station 200 (second commu-
nication processing unit 243) transmits, to the base station
100, a handover message (for example, a HANDOVER
REQUEST message) including second beam related infor-
mation corresponding to the first beam related information,
and the base station 100 (second communication processing
unit 143) receives the handover message from the base
station 200.

In particular, in the first example embodiment, the base
station 100 (first communication processing unit 141)
receives an access signal of the terminal apparatus 300 based
on the second beam related information.

(1) Transmission of Reference Signals

Plurality of Beams

For example, the base station 100 (first communication
processing unit 141) transmits the reference signals by a
plurality of beams. The plurality of beams can be said as
beams by which the base station 100 transmits signals (or
beams formed by the base station 100 to transmit signals).
The beams are beams directed in different directions. The
beam here means a directional beam, and for example, 1s
formed by multiplying a signal by a set of beamforming
weights and transmitting the signal resulting from the mul-
tiplication, using the directional antenna. Hereinafter, spe-
cific examples of the plurality of beams will be described
with reference to FIG. S.

FIG. § 1s an explanatory diagram for explaining an
example of the plurality of beams by which the reference
signals are transmitted. Referring to FIG. 3, the base station
100, the cell 10, and sixteen beams 11 (beams 11A to 11P)
are 1llustrated. For example, the base station 100 transmuits
the reference signals by the sixteen beams 11 1n this manner.
As one example, the beams are each identified by a beam
index (or a weight index). For example, the beam 11A 1s
identified by an index #0, and the beam 1117 1s identified by
an index #9.

Radio Resource

For example, the base station 100 (first communication
processing unit 141) transmits the reference signals by the
plurality of beams, using radio resources which are diflerent
for the respective beams.

As a first example, the radio resource 1s a time resource.
That 1s, the base station 100 transmits the reference signals
by the plurality of beams, using the time resources which are
different for the respective beams.

FIG. 6 1s an explanatory diagram for explaining an
example of the radio resources (time resources) used for the
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transmission of the reference signals. Referring to FIG. 6,
sixteen time slots (time slots #0 to #15) which are 1n a row
in a time direction are illustrated. In this example, in a beam
search period 30 including the sixteen time slots, the refer-
ence signals are transmitted by the sixteen beams. For
example, 1 the time slot #0, the reference signals are

transmitted by the beam #0 (beam 11A), and 1n the time slot
#1, the reference signals are transmitted by the beam #1
(beam 11B). Similarly, in the time slot #9, the reference
signals are transmitted by the beam #9 (beam 111J). In thas
example, the time slots 1n which the reference signals are
transmitted by the beams are continuous, but the time slots
need not be continuous and may be discrete. Note that the
time slot here may be called a subiframe, or may be called
simply a slot.

As a second example, the radio resource may be a
frequency resource. That 1s, the base station 100 may
transmit the reference signals by the plurality of beams,
using the frequency resources which are different for the
respective beams. For example, the base station 100 may
transmit the reference signals by the beam #0 (beam 11A) in
a first band (for example, a band having a width of one
resource block or more) 1n a frequency band, and transmit
the reference signals by the beam #1 (beam 11B) 1n a second
band of this frequency band. Alternatively, the base station
100 may transmit the reference signals by the beam #0
(beam 11A) using a first carrier (for example, one subcarrier
or more) m a block band (for example, a band with a
resource block width) included 1n the frequency band, and
transmit the reference signals by the beam #1 (beam 11B)
using a second carrier 1n this block band.

As a third example, the radio resource may be a time-
frequency resource. That 1s, the base station 100 may
transmit the reference signals by the plurality of beams using,
the time-frequency resources which are different for the
respective beams. For example, the base station 100 may
transmit the reference signals by the beam #0 (beam 11A)
using a first time-frequency resource (for example, one
resource element or more), and transmit the reference sig-
nals by the beam #1 (beam 11B) using a second time-
frequency resource.

Consequently, even when the base station 100 transmits
reference signals common to the beams, 1t 1s possible for the
terminal apparatus to 1dentily a beam used for the transmis-
sion of the reference signals.

A relation between the beams and the radio resources may
be statically determined (for example, 1n a standard), or may
be configured by an operator or a network.

Note that the base station 100 (first communication pro-
cessing unit 141) may transmit reference signals which are
different for the respective beams, mstead of using the radio
resources which are different for the respective beams. This
cnables the terminal apparatus to identify a beam used for
the transmission of a reference signal.

(2) Measurement Report

For example, the terminal apparatus 300 (reception pro-
cessing unit 331) performs the measurements of the refer-
ence signals transmitted by the base station 100 using the
beamiorming.

For example, the terminal apparatus 300 (transmission
processing unit 333) transmits a measurement report to the
base station 200. The measurement report includes measure-
ment results of the reference signals which are transmitted
by the base station 100 using the beamforming. In particular,
the measurement report further includes the aforesaid first
beam related information.
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More specifically, for example, the terminal apparatus 300
performs the measurements of the reference signals trans-
mitted by each of the beams, to select a beam accompanied
by the best measurement results (for example, the highest
received power or received quality). In other words, the
terminal apparatus 300 selects a preferred beamiorming
weight. Then, the terminal apparatus 300 transmits, to the
base station 200, the measurement report including the first
beam related information associated with the selected beam
and the best measurement results.

FIG. 7 1s an explanatory diagram for explaining an
example of the measurement report of the terminal apparatus
300. Referring to FIG. 7, the base station 100 and the
terminal apparatus 300 are illustrated. For example, the
terminal apparatus 300 performs the measurements of the
reference signals transmitted by the beams, to select the
beam #9 (beam 11J) accompanied by the best measurement
results. Then, the terminal apparatus 300 transmits, to the
base station 200, the measurement report including the first
beam related information related to the beam #9 (beam 111J)
(for example, the beam 1index/weight index #9) and the best
measurement results.

Consequently, for example, 1t 1s possible for the base
station 200 to obtain the first beam related information for
the base station 100 through the measurement report.

(3) Handover Message

As described above, the base station 200 (source base
station) transmits, to the base station 100 (target base
station), the handover message including the second beam
related information. The handover message may be trans-
mitted from the base station 200 directly to the base station
100 (for example, 1 a case of an X2 handover), or may be
transmitted from the base station 200 to the base station 100
via a core network (for example, mn a case of an Sl
handover).

For example, the handover message 1s a HANDOVER
REQUEST message. Hereinafter, an example of the first
example embodiment will be described, assuming that the
handover message 1s the HANDOVER REQUEST message.
However, the handover message used in the first example
embodiment 1s not limited to the HANDOVER REQUEST
message, but may be another message transmitted from the
source base station to the target base station 1n the handover
procedure.

(4) Beam Related Information

—Relation of the First Beam Related Information and the
Second Beam Related Information

As described above, the second beam related information
corresponds to the first beam related information.

For example, the second beam related information 1s the
same information as the first beam related information. That
15, the base station 200 includes, in the HANDOVER
REQUEST message, the second beam related information
which 1s the same as the first beam related information
received from the terminal apparatus 300 and transmits the
HANDOVER REQUEST message to the base station 100.

Alternatively, the second beam related information may
be information different from the first beam related infor-
mation. For example, the base station 200 may convert the
first beam related information to the second beam related
information to transmit, to the base station 100, the HAN-

DOVER REQUEST message including this second beam
related information.

—FExamples of the Beam Related Information

The beam related information (the first beam related
information and the second beam related immformation) is
information related to a beam. Since the beam 1s formed
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using the beamforming weights (set(s) of the beamiorming
weights), the beams can have a one-to-one correspondence
with the set(s) of the beamforming weights. Therefore, the
beam related information can also be said as information
related to the beamforming weight (for example, weight
related information).

The beam related information 1s information for the base
station 100. For example, the beam related information 1s
information related to a beam of the base station 100 (beam
to be used by the base station 100 to transmit a signal).

For example, the beam related information 1s information
related to one of the plurality of beams. Specifically, for
example, the beam related information i1s information indi-
cating one of the plurality of beams, in other words, 1s
information enabling the identification of one of the plurality
of beams (for example, beam 1dentification information). As
one example, the beam related information 1s a beam ndex.
Alternatively, the beam related information may be infor-
mation indicating one of the plurality of set(s) of the
beamiorming weights, 1n other words, may be information
enabling the 1dentification of one of the plurality of sets ({or
example, weight identification information). As one
example, the beam related information may be a weight
index. Since the beam 1s formed using the set(s) of the
beamiorming weights, the beams can have a one-to-one
correspondence with the set(s) of the beamforming weights.
Therefore, the beam related information may be mnformation
indicating one of the plurality of beams (beam index), and
may be the aforesaid information indicating one of the
plurality of sets (weight index). That 1s, the beam index and
the weight index, though named differently, may be the same
index. As a matter of course, the beam related information
may be information with another name (beam ID, weight 1D,
beamiorming index, beamiorming ID, or the like) enabling
the 1dentification of the beam or the set of the beamforming,
weilghts.

(5) Reception of Access Signal

In particular, in the first example embodiment, the base
station 100 (first communication processing umt 141)
receives the access signal of the terminal apparatus 300
based on the second beam related information.

For example, the base station 100 (first communication
processing unit 141) receives the access signal, using the set
of the beamforming weights corresponding to the second
beam related information. Specifically, for example, the
second beam related information 1s the beam index or the
welght 1ndex, and the base station 100 identifies the set of
the beamiorming weights from the beam imndex or the weight
index. Then, the base station 100 receives the access signal,
using this set of the beamforming weights. That 1s, the base
station 100 performs uplink beamiforming processing by
multiplying the access signal by the aforesaid set of the
beamiorming weights.

The access signal may be an uplink signal to be used 1n
initial access for transiting from an idle state (for example,
RRC_Idle) to an active state or a connected state (for
example, RRC_Connected), or to be used in access to a
target cell at the time of the execution of the handover.
Alternatively, the access signal may be an uplink signal in
the re-establishment of radio connection (RRC Connection
Re-establishment) for the recovery of the radio connection.
The uplink signal may be a random access signal (for
example, a random access preamble signal), a control signal
transmitted on an uplink data channel (for example, PUSCH
(Physical Uplink Shared Channel)), or a control signal
transmitted on an uplink control channel (for example,
PUCCH (Physical Uplink Control Channel)). In the system
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1 of the first example embodiment, unlike the art disclosed
in patent literature (JP2014-35318527T), the terminal appara-
tus 300 does not communicate with the base station 100 in
advance (by ranging and a response thereto), but starts the
communication with the base station 100 using the access
signal. Therefore, a success in receiving the access signal 1s
very important.

Thus receiving the access signal using the second beam
related information ensures, for example, the compensation
ol a propagation loss of the signal, resulting in an increased
possibility of the success of receiving the access signal. This
can further increase the possibility of the success of the
handover.

Note that, for example, a set of beamforming weights for
uplink 1s the same as a set of beamforming weights for
downlink. Alternatively, the set of the beamforming weights
for uplink may be different from the set of the beamiforming
weights for downlink.

(6) Flow of Processing

An example of processing according to the first example
embodiment will be described with reference to FIG. 8. FIG.
8 1s a sequence diagram for explaining an example of a
schematic tflow of the processing according to the first
example embodiment.

The terminal apparatus 300 performs the measurements of
reference signals transmitted by the base station 100 using
beamforming, to select a preferred beamiorming weight.
Then, the terminal apparatus 300 transmits, to the base
station 200 (serving base station), a measurement report
including a weight index indicating the preferred beamforms-
ing weight (S401). The measurement report includes mea-
surement results of the reference signals.

Thereafter, a handover of the terminal apparatus 300 from
the base station 200 (source base station) to the base station
100 (target base station) 1s decided, and the base station 200
transmits, to the base station 100, a HANDOVER
REQUEST message including the weight index indicating
the preferred beamforming weight (5403).

The base station 100 obtains the weight index included in
the HANDOVER REQUEST message and transmits, to the
base station 200, a HANDOVER REQUEST ACKNOWL-
EDGE message including a HandoverCommand message of
an RRC layer corresponding to an instruction of the han-
dover (S405).

The base station 200 transmits, to the terminal apparatus
300, an RRC signal (for example, an RRCConnectionRe-
configuration message) including the HandoverCommand
message (S407).

The terminal apparatus 300 transmits an access signal to
the base station 100 (S409). The base station 100 receives
the access signal based on the weight index. That 1s, the base
station 100 receives the access signal, using the beamiorm-
ing weight imdicated by the weight mdex.

Note that the example of the flow of the processing
described above 1s only schematic, and as a matter of course,
transmission/reception other than those at Steps S401 to
5409 described above can be performed 1n the first example
embodiment.

(7) Meaning of “Transmit”

“Transmit” here means, for example, that transmission
processing 1n at least one protocol layer out of a plurality of
protocol layers 1s performed, and does not mean that a signal
1s output by wire or by radio. Similarly, “receive” here
means, for example, that reception processing 1n at least one
protocol layer out of a plurality of protocol layers 1s per-
formed. As one example, the plurality of protocol layers
includes a physical layer, a MAC (Media Access Control)
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layer, a RLC (Radio Link Control) layer, a PDCP (Packet
Data Convergence Protocol) layer, and a RRCS (Radio
Resource Control) layer. As another example, the plurality
of protocol layers includes a physical layer, a MAC layer, an
IP (Internet Protocol) layer, and a transport layer.

Further, “transmit X to Y’ here 1s not limited to the
transmission of X directly to Y but includes the transmission
of X indirectly to Y (that 1s, X 1s transmitted to another node
and X 1s transmitted to Y through a transfer by the other
node). Similarly, “receive X from Y here 1s not limited to
the reception of X directly from Y, but includes the reception
of X indirectly from Y (that 1s, X transmitted by Y 1s
received through the transfer by another node).

<2.6. Example Alterations>

Next, example alterations of the first example embodi-
ment will be described with reference to FIG. 9 to FIG. 11.

(1) First Example Alteration

—Resource Information

In a first example alteration of the first example embodi-
ment, for example, the base station 100 (second communi-
cation processing unit 143) transmits, to the base station
200, resource information indicating a radio resource for
transmitting the access signal, and the base station 200
(second communication processing unit 243) receives the
resource mformation.

Then, the base station 200 (first communication process-
ing unit 241) transmits the resource information to the
terminal apparatus 300 and the terminal apparatus 300
(reception processing unit 331) receives the resource infor-
mation.

Thereafter, the terminal apparatus 300 (transmission pro-
cessing umt 333) transmits the access signal to the base
station 100 based on the resource information. That 1s, the
terminal apparatus 300 (transmission processing unit 333)
transmits the access signal to the base station 100, using the
radio resource indicated by the resource information. The
base station 100 receives (based on the aforesaid second
beam related information) the access signal which 1s trans-
mitted using the radio resource.

Consequently, for example, it 1s possible for the base
station 100 to more easily receive the access signal of the
terminal apparatus 300.

The resource information may be called a Dedicated
RACH (Random Access Channel) Resource Information.

—Radio Resource

For example, the aforesaid radio resource 1s a radio
resource for a beam or a set of beamiorming weights
corresponding to the second beam related information.

More specifically, for example, access radio resources are
prepared for the respective beams or the respective set(s) of
the beamforming weights. For example, the second beam
related information indicates a beam or a set of beamform-
ing weights, and the radio resource indicated by the resource
information 1s a radio resource for this beam or this set of the
beamiorming weights.

FIG. 9 1s an explanatory diagram for explaining an
example of the radio resources indicated by the resource
information. Referring to FIG. 9, N time slots imncluded 1n
cach radio frame are illustrated. In this example, access
radio resources are prepared 1n the respective time slots. For
example, the time slot #0 1s an access radio resource of the
beam #0. In this case, in the time slot #0, the base station 100
receives the access signal using a set of beamiorming
weilghts 1dentified by the beam index (or the weight index)
#0. For example, the time slot #N-1 1s an access radio
resource of the beam #15. In this case, 1n the time slot #N-1,
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the base station 100 receives the access signal using a set of
beamforming weights identified by the beam index (or
weight index) #15.

Consequently, for example, 1t 1s possible for the base
station 100 to further easily receive the access signal of the
terminal apparatus 300. This 1s because, when receiving the
access signal, the base station 100 need not use various sets
ol beamforming weights but only need to use a specific set
of beamforming weights.

—Retransmission Cycle Information

For example, the base station 100 (second communication
processing unit 143) transmits, to the base station 200,
retransmission cycle information imndicating a retransmission
cycle of the access signal, with the resource information, and
the base station 200 (second communication processing unit
243) recerves the retransmission cycle iformation.

Then, the base station 200 (first communication process-
ing unit 241) transmits the retransmission cycle information
to the terminal apparatus 300, and the terminal apparatus
300 (reception processing unit 331) receives the retransmis-
sion cycle information.

Thereafter, the terminal apparatus 300 (transmission pro-
cessing unit 333) retransmits the access signal to the base
station 100 based on the retransmission cycle information.
That 1s, the terminal apparatus 300 (transmission processing
unit 333) retransmits the access signal to the base station 100
with a retransmission cycle indicated by the retransmission
cycle information.

Consequently, for example, 1t 1s possible for the base
station 100 to more easily recerve the retransmitted access
signal as well.

The retransmission cycle information may be called
RACH (Random Access Channel) Retransmission cycle
Information.

—Message

For example, the base station 100 (second communication
processing unit 143) transmits, to the base station 200, a

response message to the atoresaild HANDOVER REQUEST

message, and the base station 200 (second communication
processing umt 243) receives the response message. The

response message may be transmitted from the base station
100 directly to the base station 200 (for example, 1n a case
of an X2 handover), or may be transmitted from the base
station 100 to the base station 200 via a core network (for
example, 1n a case of an S1 handover). In particular, the
response message mncludes the resource mnformation and the
retransmission cycle mformation. Specifically, for example,

the response message 1s a HANDOVER REQUES
ACKNOWLEDGE message. Further, for example, the
HANDOVER REQUEST ACKNOWLEDGE message
includes an RRC Container, and the RRC Container includes
a HandoverCommand message. Further, for example, the
HandoverCommand message includes an RRCConnection-
Reconfiguration message, and the RRCConnectionRecon-
figuration message includes the resource information and the
retransmission cycle information. As a matter of course, the
first example embodiment 1s not limited to this example, and
the response message may include the resource imnformation
and the retransmission cycle information 1 a different
mannet.

For example, the base station 200 (first communication
processing unit 241) transmits (transfers), to the terminal
apparatus 300, the HandoverCommand message (included
in the response message), and the terminal apparatus 300
(reception processing unit 331) receives the HandoverCom-
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mand message. As described above, the HandoverCommand
message includes the resource information and the retrans-
mission cycle iformation.

—Flow of Processing,

FIG. 10 1s a sequence diagram for explaining an example
of a schematic flow of processing of the first example
alteration of the first example embodiment. Descriptions of
Steps S421, S423 illustrated in FIG. 10 are the same as the
descriptions of, for example, Steps S401, S403 1llustrated 1n
FIG. 8. Therefore, overlapping descriptions will be omaitted
here, and only Steps S425, S427, S429 will be described.

The base station 100 obtains a weight index included 1n a
HANDOVER REQUEST message. Then, the base station
100 generates Dedicated RACH Resource Information 1ndi-
cating a radio resource for a set of beamforming weights
indicated by the weight index. Thereaiter, the base station
100 transmuits, to the base station 200, a HandoverCommand
message mcluding the Dedicated RACH Resource Informa-
tion, in a HANDOVER REQUEST ACKNOWLEDGE mes-
sage (S425). The HandoverCommand message may further
include RACH Retransmission cycle Information.

The base station 200 transfers the HandoverCommand
message to the terminal apparatus 300 (S427).

The terminal apparatus 300 transmits an access signal to
the base station 100, using a radio resource 1indicated by the
Dedicated RACH Resource Information (5S429). Based on
the weight index, the base station 100 receives the access
signal transmitted using the radio resource. That 1s, the base
station 100 receives the access signal transmitted using the
radio resource (radio resource for the set of the beamforming
weights), using the set of the beamiorming weights indi-
cated by the weight index. Incidentally, 1f retransmission 1s
necessary, the terminal apparatus 300 retransmits the access
signal to the base station 100, with a retransmission cycle
indicated by the Dedicated RACH Retransmission cycle
Information.

Note that the example of the flow of the processing
described above 1s only schematic, and as a matter of course,
in the first example alteration of the first example embodi-
ment, transmission/reception other than those at Steps S421
to S429 described above can be performed.

—Alternate Method

In the above-described example, the base station 100
transmits, to the base station 200, the resource information
indicating the radio resource for transmitting the access
signal, and the base station 200 receives the resource infor-
mation, but the first example alteration 1s not limited to this
example.

Instead of that the base station 100 transmits the resource
information to the base station 200, the base station 200 (first
communication processing unit 241) may generate the
resource information. In this case, the base station 200 may
receive, from the base station 100 information necessary for
generating the resource information (for example, informa-
tion 1ndicating a radio resource for each beam), 1n advance.

Consequently, for example, 1t 1s possible to reduce a
volume of information transmitted/received between the
base station 100 and the base station 200.

(2) Second Example Alteration

In a second example alteration of the first example
embodiment, for example, the base station 100 (second
communication processing unit 143) transmits, to the base
station 200, beamforming configuration information related
to a configuration of beamforming of the base station 100.
Then, the base station 200 (second communication process-
ing unit 243) receives the beamforming configuration infor-
mation.
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Further, the base station 200 (first communication pro-
cessing unit 241) transmits the beamforming configuration
information to the terminal apparatus 300, and the terminal
apparatus (reception processing unit 331) receives the beam-
forming configuration information.

Then, based on the beamiorming configuration informa-
tion, the terminal apparatus 300 (reception processing unit
331) receives reference signals transmitted by the base
station 100 using the beamforming. For example, the ter-
minal apparatus 300 (reception processing unit 331) per-
forms the measurements of the reference signals based on
the beamforming configuration information.

Consequently, for example, it 1s possible to use a con-
figuration of beamiorming suitable for the base station or the
cell, and 1t 1s possible for the terminal apparatus 300 to
perform the reception/measurements according to the con-
figuration.

—Configuration Information

For example, the beamforming configuration information
includes beam number information indicating the number of
beams. In the example 1n FIG. 5, the beam number infor-
mation indicates 16 as the number of the beams. Conse-
quently, 1t 1s possible to use beams in number according to
properties (for example, size) of the cell.

For example, the beamforming configuration information
includes beam resource information indicating radio
resources for respective beams for transmitting the reference
signals. For example, as described with reference to FIG. 6,
the radio resource 1s the time resource for each beam. In this
case, for example, the beam resource information imcludes a
period and an oflset 1n a time direction. Alternatively, the
radio resource may be the frequency resource for each beam.
In this case, the beam resource mformation may include a
period and an oflset 1n a frequency direction. Alternatively,
the radio resource may be the time-frequency resource for
cach beam. In this case, the beam resource information may
be information indicating a pattern of the radio resource.
This makes 1t possible to, for example, more flexibly set a
radio resource to be used for the transmission of the refer-
ence signals using the beamforming.

—Message

For example, the base station 100 (second communication
processing unit 143) transmits, to the base station 200, the
beam forming configuration information at the time of the
setup ol an interface between the base station 100 and the
base station 200. Then, the base station 200 (second com-
munication processing unit 243) receives the beamiorming,
configuration mnformation.

Specifically, for example, the base station 100 (second
communication processing unit 143) transmits, to the base
station 200, an X2 SETUP REQUEST message or an X2
SETUP RESPONSE message. Then, the base station 200
(second communication processing unit 243) receives the
X2 SETUP REQUEST message or the X2 SETUP
RESPONSE message. In particular, the X2 SETUP
REQUEST message or the X2 SETUP RESPONSE message
includes the beamforming configuration information.

For example, the base station 200 (first communication
processing unit 241) transmits a measurement configuration
to the terminal apparatus 300, and the terminal apparatus
300 (reception processing unit 331) receives the measure-
ment configuration. In particular, the measurement configu-
ration includes the beamforming configuration information.

—Flow of Processing,

FIG. 11 1s a sequence diagram for explaining an example
of a schematic flow of processing of the second example
alteration of the first example embodiment. Descriptions of
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Steps S449 to S455 1llustrated in FIG. 11 1s the same as, for
example, the descriptions of Steps S403 to S409 1llustrated
in FIG. 8. Therelfore, overlapping descriptions will be omiut-
ted here, and only Steps S441 to S447 will be described.
The base station 200 transmits an X2 SETUP REQUEST

message to the base station 100 (S441), and 1n response to

this, the base station 100 transmits an X2 SETUP
RESPONSE message to the base station 200 (S443). The X2
SE'TUP RESPONSE message includes beamforming con-
figuration information related to a configuration of beam-
forming of the base station 100.

Further, the base station 200 transmits a measurement
configuration 1including the beamforming configuration
information to the terminal apparatus 300 (S445).

Based on the beamforming configuration information, the
terminal apparatus 300 performs the measurements of ref-
erence signals transmitted by the base station 100 using the
beamiorming, and selects a preferred beamforming weight.
Then, the terminal apparatus 300 transmits, to the base
station 200 (serving base station), a measurement report
including a weight index indicating the preferred beamiorm-
ing weight (S447). The measurement report includes mea-

surement results of the reference signals.

(3) Third Example Alteration

When the terminal apparatus 300 attempts the reconnec-
tion to the same target cell at the time when a handover of
the terminal apparatus 300 fails, the base station 100 (first
communication processing unit 141) may also receive an
access signal of the terminal apparatus 300 based on the
second beam related information, as in the above-described
example of the first example embodiment.

Further, when the terminal apparatus 300 attempts the
reconnection to the same target cell at the time when a
handover of the terminal apparatus 300 fails, the terminal
apparatus 300 (transmission processing unit 333) may also
transmit an access signal to the base station 100 based on the
resource information, as in the first example alteration of the
first example embodiment.

Heremnabove, the example alterations of the first example
embodiment have been described. Note that two or more of
the first to third example alterations may be combined. That
1S, a combination of the technical features of two or more of
the first to third example alterations may be introduced.

3. Second Example Embodiment

Next, a second example embodiment of the present inven-
tion will be described with reference to FI1G. 12 to FIG. 16.
The above-described first example embodiment 1s a specific
example embodiment, but the second example embodiment
1s a more generalized example embodiment.

<3.1. Configuration of System>

An example of the configuration of a system 2 according
to the second example embodiment will be described with
reference to FIG. 12. FIG. 12 1s an explanatory diagram
illustrating an example of the schematic configuration of the
system 2 according to the second example embodiment.
Referring to FIG. 12, the system 2 includes a base station
500, a base station 600, and a terminal apparatus 700.

For example, the system 2 may be a system conforming
to the standard of 3GPP. More specifically, the system 2 may
be, for example, a system conforming to the standard of the
Fifth Generation (5G).

For example, descriptions of the base station 500, the base
station 600, and the terminal apparatus 700 are the same as
the descriptions of the base station 100, the base station 200,
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and the terminal apparatus 300 of the first example embodi-
ment. Therefore, overlapping descriptions will be omatted
here.

<3.2 Configuration of Base Station 500>

Next, an example of the configuration of the base station
500 of the second example embodiment will be described
with reference to FIG. 13. FIG. 13 1s a block diagram
illustrating an example of the schematic configuration of the
base station 500 of the second example embodiment. Refer-
ring to FIG. 13, the base station 500 includes a first com-
munication processing unit 510 and a second communica-
tion processing unit 520.

Specific operations of the first communication processing
unit 510 and the second communication processing unit 520
will be described later.

The first communication processing unit 510 and the
second communication processing unit 520 may be imple-
mented by a baseband (BB) processor and/or another pro-
cessor, or the like. The first communication processing unit
510 and the second communication processing unit 520 may
be 1mplemented by the same processor or may be imple-
mented separately by diflerent processors.

The base station 500 may include a memory storing a
program and one or more processors capable of executing,
the program. The one or more processors may perform the
operations of the first commumication processing unit 510
and the second communication processing unit 520. The
program may be a program for causing the one or more
processors to execute the operations of the first communi-
cation processing unit 510 and the second communication
processing unit 520.

<3.3. Configuration of Base Station 600>

Next, an example of the configuration of the base station
600 of the second example embodiment will be described

with reference to FIG. 14. FIG. 14 1s a block diagram

illustrating an example of the schematic configuration of the
base station 600 of the second example embodiment. Refer-
ring to FIG. 14, the base station 600 includes a first com-
munication processing unit 610 and a second communica-
tion processing unit 620.

Specific operations of the first communication processing
unit 610 and the second communication processing unit 620
will be described later.

The first communication processing unit 610 and the
second communication processing unit 620 may be imple-
mented by a baseband (BB) processor and/or another pro-
cessor, or the like. The first communication processing unit
610 and the second communication processing unit 620 may
be 1mplemented by the same processor or may be imple-
mented separately by diflerent processors.

The base station 600 may include a memory storing a
program and one or more processors capable of executing
the program. The one or more processors may perform the
operations of the first communication processing unit 610
and the second communication processing unit 620. The
program may be a program for causing the one or more
processors to execute the operations of the first communi-
cation processing unit 610 and the second communication
processing unit 620.

<3.4. Configuration of Terminal Apparatus 700>

Next, an example of the configuration of the terminal
apparatus 700 of the second example embodiment will be
described with reference to FIG. 15. FIG. 15 1s a block
diagram 1llustrating an example of the schematic configu-
ration of the terminal apparatus 700 of the second example
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embodiment. Referring to FIG. 15, the terminal apparatus
700 1ncludes a reception processing unit 710 and a trans-
mission processing unit 720.

Specific operations of the reception processing unit 710
and the transmission processing unit 720 will be described
later.

The reception processing unit 710 and the transmission
processing umt 720 may be implemented by a baseband
(BB) processor and/or another processor, or the like. The
reception processing unit 710 and the transmission process-
ing unit 720 may be implemented by the same processor or
may be implemented separately by diflerent processors.

The terminal apparatus 700 may include a memory stor-
ing a program and one or more processors capable of
executing the program. The one or more processors may
perform the operations of the reception processing unit 710
and the transmission processing unit 720. The program may
be a program for causing the one or more processors 1o
execute the operations of the reception processing unit 710
and the transmission processing unit 720.

<3.35. Technical Features>

Next, technical features of the second example embodi-
ment will be described with reference to FIG. 16.

In the second example embodiment, the base station 500
(first communication processing unit 310) transmits refer-
ence signals using beamforming. The terminal apparatus
700 (reception processing umt 710) receives the reference
signals.

Further, the terminal apparatus 700 (transmission process-
ing umt 720) transmits, to the base station 600, first beam
related information related to a beam, the first beam related
information being information for the base station 500, and
the base station 600 (first communication processing unit
610) receives the first beam related information.

Further, a handover of the terminal apparatus 700 from the
base station 600 (source base station) to the base station 500
(target) 1s performed. The base station 600 (second commu-
nication processing unit 620) transmits, to the base station
500, a handover message (for example, a HANDOVER
REQUEST message) including second beam related infor-
mation corresponding to the first beam related information,
and the base station 500 (second communication processing
umt 520) receives the handover message.

In particular, 1n the second example embodiment, the base
station 300 (first communication processing umt 3510)
receives an access signal of the terminal apparatus 700 based
on the second beam related information.

(1) Transmission of Reference Signals, Measurement
Report, Handover Message, Beam Related Information,
Reception of Access Signal, and Meaming of “Transmit”

For example, descriptions of the transmission of the
reference signals, a measurement report, the handover mes-
sage, the beam related information, the reception of the
access signal, and the meaning of “transmit” in the second
example embodiment are the same as the descriptions of
these 1n the first example embodiment. Therefore, overlap-
ping descriptions will be omitted here, and only an example
of a schematic flow of processing will be described.

(2) Flow of Processing

FIG. 16 1s a sequence diagram for explaining an example
of the schematic flow of the processing according to the
second example embodiment.

The terminal apparatus 700 transmits, to the base station
600, first beam related information related to a beam, the
first beam related information being information for the base
station 500, and the base station 600 receives the first beam

related information (S801).
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The base station 600 transmits, to the base station 500, a
handover message (for example, a HANDOVER REQUEST

message) including second beam related information corre-
sponding to the first beam related information, and the base
station 500 receives the handover message (S803).

The base station 300 receives an access signal of the

terminal apparatus 700 based on the second beam related
information (S805).

While the example embodiments of the present invention
have been described above, the present invention 1s not
limited to the above described example embodiments. It will
be understood by those skilled in the art that the above
described example embodiments are merely examples and
various alterations and modifications can be made without
departing from the scope and the spirit of the present
invention.

For example, the steps 1n the processing described in the
specification do not necessarily have to be executed 1n a
time-series manner along the order described as the
sequence diagrams. For example, the steps 1in the processing
may be executed in a different order from the order
described as the sequence diagrams or may be executed 1n
parallel. Further, part of the steps in the processing may be
deleted, and more steps may be added to the processing.

Further, apparatuses or modules thereof (for example,
baseband processors or other chips) including the constitu-
ent elements (for example, the first communication process-
ing units and/or the second communication processing units)
of the base stations described 1n the specification may be
provided. Similarly, modules (for example, baseband pro-
cessors or other chips) including the constituent elements
(for example, the reception processing unit and/or the trans-
mission processing unit) of the terminal apparatus described
in the specification may be provided. Further, methods each
including the processing of the constituent elements may be
provided, and programs each for causing a processor to
execute the processing of the constituent elements may be
provided. Further, recording mediums (computer-readable
non-transitory recording mediums) each recording the pro-
gram may be provided. As a matter ol course, such appa-
ratuses, modules, methods, programs and recording medi-
ums are also included 1n the present invention.

Some or all of the above-described example embodiments
can be described as the following supplementary notes, but
are not limited to the following supplementary notes.

(Supplementary Note 1)

An apparatus including:

a first communication processing unit configured to trans-
mit reference signals using beamiorming; and

a second commumnication processing unit configured to
receive a handover message from a source base station of a
handover of a terminal apparatus,

wherein the handover message includes beam related
information related to a beam, and

wherein the first communication processing unit 1S con-
figured to receive an access signal of the terminal apparatus
based on the beam related imnformation.

(Supplementary Note 2)

The apparatus according to supplementary note 1,
wherein the first communication processing unit 1s config-
ured to receive the access signal, using a set of beamiorming,
weights that corresponds to the beam related information.

(Supplementary Note 3)

The apparatus according to supplementary note 1 or 2,
wherein the access signal 1s an uplink signal in random
access of the terminal apparatus.
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(Supplementary Note 4)

The apparatus according to any one of supplementary
notes 1 to 3, wherein the second communication processing
umt 1s configured to transmit, to the source base station,
resource information indicating a radio resource for trans-
mitting the access signal.

(Supplementary Note 5)

The apparatus according to supplementary note 4,
wherein the radio resource is a radio resource for a beam or
a set of the beamforming weights that corresponds to the
beam related imnformation.

(Supplementary Note 6)

The apparatus according to supplementary note 4 or 3,

wherein the second communication processing unit 1s
configured to transmit, to the source base station, a response
message to the handover message, and

wherein the response message includes the resource infor-
mation.

(Supplementary Note 7)

The apparatus according to any one ol supplementary
notes 4 to 6, wherein the second communication processing
unit 1s configured to transmit, to the source base station,
retransmission cycle information imndicating a retransmission
cycle of the access signal, with the resource information.

(Supplementary Note 8)

The apparatus according to any one of supplementary
notes 4 to 7, wherein the resource information 1s information
to be transmitted from the source base station to the terminal
apparatus.

(Supplementary Note 9)

The apparatus according to any one ol supplementary
notes 1 to 8, wherein the first communication processing unit
1s configured to transmit reference signals by a plurality of
beams.

(Supplementary Note 10)

The apparatus according to supplementary note 9,
wherein the first communication processing unit 1s config-
ured to transmit reference signals by the plurality of beams,
using radio resources that are different for the respective
beams.

(Supplementary Note 11)

The apparatus according to supplementary note 10,
wherein the radio resources are frequency resources, time
resources, or time-frequency resources.

(Supplementary Note 12)

The apparatus according to any one ol supplementary
notes 1 to 11, wherein the beam related information 1s
information related to one of a plurality of beams.

(Supplementary Note 13)

The apparatus according to supplementary note 12,
wherein the beam related information 1s mformation indi-
cating one of the plurality of beams.

(Supplementary Note 14)

The apparatus according to supplementary note 12 or 13,
wherein the beam related information 1s mformation indi-
cating one of a plurality of sets of beamforming weights.

(Supplementary Note 15)

The apparatus according to any one of supplementary
notes 1 to 14, wherein the beam related information corre-
sponds to beam related information transmitted from the
terminal apparatus to the source base station.

(Supplementary Note 16)

The apparatus according to any one ol supplementary
notes 1 to 135, wherein the second communication processing
unit 1s configured to transmit, to the source base station,
beamiorming configuration information related to a configu-
ration of beamforming.
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(Supplementary Note 17)

The apparatus according to supplementary note 16,
wherein the beamforming configuration information
includes information indicating the number of beams and
information indicating radio resources for respective beams
for transmitting reference signals.

(Supplementary Note 18)

The apparatus according to supplementary note 16 or 17,
wherein the beamforming configuration information 1s infor-
mation to be transmitted from the source base station to the
terminal apparatus.

(Supplementary Note 19)

The apparatus according to any one of supplementary
notes 1 to 18, the apparatus being a base station, one or more
apparatuses of a plurality of apparatuses included 1n a base
station, or a module for one of the plurality of apparatuses.

(Supplementary Note 20)

An apparatus including:

a first communication processing unit configured to
receive, from a terminal apparatus, first beam related infor-
mation related to a beam, the first beam related information
being mmformation for a base station which transmits refer-
ence signals using beamforming; and

a second commumnication processing unit configured to
transmit, to the base station, a handover message including,
second beam related information corresponding to the first
beam related information,

wherein the second beam related information 1s 1nforma-
tion to be used by the base station to receive an access signal
of the terminal apparatus.

(Supplementary Note 21)

The apparatus according to supplementary note 20,
wherein the first communication processing unit 1s config-
ured to transmit, to the terminal apparatus, resource nfor-
mation indicating a radio resource for transmitting the
access signal.

(Supplementary Note 22)

The apparatus according to supplementary note 21,
wherein the first communication processing unit 1s config-
ured to transmit, to the terminal apparatus, retransmission
cycle information indicating a retransmission cycle of the
access signal, with the resource information.

(Supplementary Note 23)

The apparatus according to supplementary note 21 or 22,

wherein the first communication processing unit 1s con-
figured to transmit a HandoverCommand message to the
terminal apparatus, and

wherein the HandoverCommand message includes the
resource mformation.

(Supplementary Note 24)

The apparatus according to any one of supplementary
notes 21 to 23, wherein the second communication process-
ing unit 1s configured to receive the resource information
from the base station.

(Supplementary Note 25)

The apparatus according to any one of supplementary
notes 21 to 23, wherein the first communication processing,
unit 1s configured to generate the resource information.

(Supplementary Note 26)

The apparatus according to any one of supplementary
notes 20 to 25, wherein the second beam related information
1s mformation that 1s the same as the first beam related
information.

(Supplementary Note 27)

The apparatus according to any one of supplementary
notes 20 to 26, wherein the first beam related information
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and the second beam related information 1s information
related to one of a plurality of beams.

(Supplementary Note 28)

The apparatus according to any one of supplementary
notes 20 to 27,

wherein the first communication processing unit 1s con-
figured to receive a measurement report transmitted from the
terminal apparatus, and

wherein the measurement report includes the first beam
related information.

(Supplementary Note 29)

The apparatus according to any one of supplementary
notes 20 to 28,

wherein the second communication processing umit 1s
configured to receive, from the base station, beamforming
configuration information related to a configuration of
beamiorming of the base station, and

wherein the first communication processing unit 1s con-
figured to transmit the beamforming configuration informa-
tion to the terminal apparatus.

(Supplementary Note 30)

The apparatus according to supplementary note 29,

wherein the first communication processing unit 1s con-
figured to transmit a measurement configuration to the
terminal apparatus, and

wherein the measurement configuration includes the
beamiorming configuration imnformation.

(Supplementary Note 31)

The apparatus according to any one ol supplementary
notes 20 to 30, the apparatus being a base station, one or
more apparatuses of a plurality of apparatuses included in
the base station, or a module for one of the plurality of
apparatuses.

(Supplementary Note 32)

An apparatus 1ncluding:

a reception processing unit configured to receive refer-
ence signals transmitted by a first base station using beam-
forming; and

a transmission processing unit configured to transmit, to
a second base station, first beam related information related
to a beam, the first beam related information being infor-
mation for the first base station,

wherein the first beam related information corresponds to
second beam related information to be used by the first base
station to receive an access signal.

(Supplementary Note 33)

The apparatus according to supplementary note 32,

wherein the reception processing unit 1s configured to
receive, from the second base station, resource information
indicating a radio resource for transmitting an access signal,
and

wherein the transmission processing unit transmits an
access signal to the first base station based on the resource
information.

(Supplementary Note 34)

The apparatus according to supplementary note 33,

wherein the reception processing unit 1s configured to
receive, from the second base station, retransmission cycle
information indicating a retransmaission cycle of the access
signal, with the resource mformation, and

wherein the transmission processing unit 1s configured to
retransmit the access signal to the first base station based on
the retransmission cycle information.

(Supplementary Note 35)

The apparatus according to any one ol supplementary
notes 32 to 34,
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wherein the transmission processing unit 1s configured to
transmit a measurement report to the second base station,
and

wherein the measurement report includes the first beam
related information.

(Supplementary Note 36)

The apparatus according to supplementary note 35,
wherein the measurement report includes measurement
results of reference signals transmitted by the first base
station using the beamiorming.

(Supplementary Note 37)

The apparatus according to any one of supplementary

notes 32 to 36,

wherein the reception processing unit 1s configured to
receive, from the second base station, beamiorming con-
figuration information related to a configuration of beam-
forming of the first base station, and

wherein the reception processing unit 1s configured to
receive reference signals transmitted by the first base station
using beamiorming, based on the beamforming configura-
tion information.

(Supplementary Note 38)

The apparatus according to any one of supplementary
notes 32 to 37, wherein the apparatus 1s a terminal apparatus
or a module for a terminal apparatus.

(Supplementary Note 39)

A method ncluding:

transmitting reference signals using beamforming;

receiving a handover message from a source base station
of a handover of a terminal apparatus, the handover message
including beam related information related to a beam; and

receiving an access signal of the terminal apparatus based
on the beam related information.

(Supplementary Note 40)

A method including:

receiving, from a terminal apparatus, first beam related
information related to a beam, the first beam related infor-
mation being information for a base station which transmits
reference signals using beamiforming; and

transmitting, to the base station, a handover message
including second beam related information corresponding to
the first beam related information,

wherein the second beam related information 1s 1nforma-
tion to be used by the base station to receive an access signal
of the terminal apparatus.

(Supplementary Note 41)

A method including;:

receiving relference signals transmitted by a first base
station using beamforming; and

transmitting, to a second base station, first beam related
information related to a beam, the first beam related infor-
mation being information for the first base station,

wherein the first beam related information corresponds to
second beam related information to be used by the first base
station to receive an access signal.

(Supplementary Note 42)

A system 1ncluding;:

a first base station;

a second base station; and

a terminal apparatus,

wherein the first base station transmits reference signals
using beamiorming,

wherein the terminal apparatus receirves the reference
signals, and transmits, to the second base station, first beam
related information related to a beam, the first beam related
information being information for the first base station,
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wherein the second base station transmits, to the first base
station, a handover message including second beam related
information corresponding to the first beam related infor-
mation, and

wherein the first base station receives an access signal of
the terminal apparatus based on the second beam related
information.

(Supplementary Note 43)

A program for causing a processor to execute:

transmitting reference signals using beamforming;

recerving a handover message from a source base station
ol a handover of a terminal apparatus, the handover message
including beam related information related to a beam; and

receiving an access signal of the terminal apparatus based
on the beam related information.

(Supplementary Note 44)

A program for causing a processor to execute:

recerving, from a terminal apparatus, first beam related
information related to a beam, the first beam related infor-
mation being information for a base station which transmits
reference signals using beamforming; and

transmitting, to the base station, a handover message
including second beam related information corresponding to
the first beam related information,

wherein the second beam related information 1s informa-
tion to be used by the base station to receive an access signal
of the terminal apparatus.

(Supplementary Note 45)

A program for causing a processor to execute:

recerving reference signals transmitted by a first base
station using beamiorming; and

transmitting, to a second base station, first beam related
information related to a beam, the first beam related infor-
mation being information for the first base station,

wherein the first beam related information corresponds to
second beam related information to be used by the first base
station to receive an access signal.

(Supplementary Note 46)

A computer-readable non-transitory recording medium
having recorded thereon a program for causing a processor
to execute:

transmitting reference signals using beamforming;

recetving a handover message from a source base station
of a handover of a terminal apparatus, the handover message
including beam related information related to a beam; and

recerving an access signal of the terminal apparatus based
on the beam related information.

(Supplementary Note 47)

A computer-readable non-transitory recording medium
having recorded thereon a program for causing a processor
to execute:

recerving, from a terminal apparatus, first beam related
information related to a beam, the first beam related infor-
mation being information for a base station which transmits
reference signals using beamiforming; and

transmitting, to the base station, a handover message
including second beam related information corresponding to
the first beam related information,

wherein the second beam related information 1s informa-
tion to be used by the base station to receive an access signal
of the terminal apparatus.

(Supplementary Note 48)

A computer-readable non-transitory recording medium
having recorded thereon a program for causing a processor
to execute:

recerving reference signals transmitted by a first base
station using beamforming; and
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transmitting, to a second base station, first beam related
information related to a beam, the first beam related infor-
mation being information for the first base station,

wherein the first beam related information corresponds to
second beam related information to be used by the first base
station to receive an access signal.

This application 1s based upon and claims the benefit of

priority from Japanese Patent Application No. 2016-152618,
filed on Aug. 3, 2016; the entire contents of which are

incorporated herein by reference.

INDUSTRIAL APPLICABILITY

In a mobile commumnication system, 1t 1s possible to
increase a possibility of a success 1n a handover.

REFERENCE SIGNS LIST

1, 2 system

10, 20 cell/coverage area

11 beam

30 beam search period

100, 200, 500, 600 base station

141, 241, 510, 610 first communication processing unit

143, 243, 520, 620 second communication processing unit

300, 700 terminal apparatus

331, 710 reception processing unit

333, 720 transmission processing unit

What 1s claimed 1s:

1. A method of a terminal apparatus configured to com-

municate with a first base station comprising:

performing measurements of signals transmitted by a
second base station using at least one beam:;

transmitting, to the first base station, first information
indicating results of the measurements;

receiving an RRCConnectionReconfiguration message
from the first base station, the RRCConnectionRecon-
figuration message including second information
related to the at least one beam:;

the RRCConnectionReconfiguration message being a
message transmitted to the terminal apparatus by the
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first base station using an RRC Container included 1n a
HANDOVER REQUEST ACKNOWLEDGE message
that 1s transmitted from the second base station to the
first base station 1 response to a HANDOVER
REQUEST message including the first information
after the HANDOVER REQUEST message 1s trans-
mitted from the first base station to the second base
station; and

transmitting, to the second base station, a random access

preamble signal based on the second information.

2. The method according to claim 1, wherein the first
information includes index information indicating the at
least one beam and information related to quality of the at
least one beam.

3. The method according to claim 1, further comprising:

recerving, from the first base station, information related

to the number of beams transmitted by the second base
station.

4. The method according to claim 1, wherein the RRC
Container includes resource mformation indicating a radio
resource for transmitting the random access preamble signal.

5. The method according to claim 4, wherein the radio
resource 1s a radio resource for a beam or a set of beam-
forming weights that corresponds to the second information.

6. The method according to claim 4, wherein the resource
information 1s information to be transierred from the first
base station to the terminal apparatus.

7. The method according to claim 4, further comprising:

recerving, from the first base station, retransmission cycle

information indicating a retransmission cycle of the
random access preamble signal, with the resource
information.

8. The method according to claim 1, wherein the mea-
surements includes measurements of reference signals trans-
mitted using a plurality of beams.

9. The method according to claim 1, wherein the second

information 1s information related to one of a plurality of
beams.
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